Background and objectives: Modern crystalloid and colloid solutions are balanced solutions which are increasingly used in perioperative period. However, studies investigating their negative effect on whole blood coagulation are missing, and vivid debate is going on about which solution has the minimal coagulopathy effect. The aim of our study was to assess the effect of modern fluid solutions on whole blood coagulation using rotational thromboelastometry. Methods: Blood samples were obtained from 30 patients during knee arthroscopy before and after administration of 500 mL of crystalloid, Hydroxyethyl Starch and gelatin according to the randomization. Rotational thromboelastometry (Extem, Intem and Fibtem tests) was used to assess negative effect of fluid solutions on whole blood coagulation. Results: In Extem test, the initiation phase of fibrin clot formation represented by CT parameter was not influenced by any fluid solution (p > 0.05). The speed of clot formation represented by CFT and ˛ angle was impaired by Hydroxyethyl Starch and gelatin but not by crystalloids (p < 0.05). The strength of formatted coagulum represented by MCF parameter was impaired both in Extem and Fibtem test by HES and in Fibtem also by crystalloids (p < 0.05). Intem test was not negatively influenced by any crystalloid or colloid solution in any parameter (p > 0.05). Conclusion: Extem test appears to be sensitive to coagulopathy effect of modern colloids and crystalloids. Hydroxyethyl starch has the most obvious negative effect on clot formation followed by gelatin and finally by crystalloids. Intem test seems to be insensitive to adverse effect of modern colloids and crystalloids. 
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Introduction
Crystalloid and colloid solutions are used to maintain adequate tissue perfusion during perioperative period as well as during treatment of any kind of shock in critically ill patients. A variety of crystalloids and colloids are used in clinical practice. Basic saline solution has been used for over 50 years in a multitude of clinical situations despite its unphysiological properties 1, 2 and from unbalanced colloids Hydroxyethyl Starch (HES) and gelatin are used very often. Recently, modern crystalloid and colloid solutions called balanced (more physiologic) solutions with a chemical composition that approximates extracellular space, are increasingly used in clinical practice and according to published studies they seem to be more beneficial for majority of patients comparing to unbalanced fluid solutions.
2---4 They contain high molecular weight substances and under optimal condition, especially when the glycocalyx is intact, they remain in circulation for longer time than crystalloids. 1---5 According to previous studies, unbalanced colloids HES and gelatin alter haemostasis to some degree but data on balanced colloids are missing. 6---9 As it is still frequently discussed which type of solution should be preferred in the perioperative care and life threatening bleeding, the study investigating coagulopathy effect of balanced fluid solutions is needed.
Rotational Thromboelastometry (ROTEM) is a bed-side whole blood coagulation test which evaluates viscoelastic properties of formed coagulum during all phases of coagulation such as initiation, propagation (the speed of clot formation), strength of coagulum and stability of the clot represented by fibrinolysis. 10 Comparing to plasma coagulation tests such as Prothrombin Time (PT) and Activated Thromboplastin Time (aPTT), ROTEM provides results within 10 min from initiation of the test, which is critical in situations of life threatening bleeding in operating room or in trauma patients. ROTEM has been included in recent European guidelines for perioperative and trauma bleeding management by the European Society of Anaesthesiologists. 11, 12 In our study we decided to investigate the coagulopathy effect of modern balanced crystalloid and colloid solutions using ROTEM in vivo. The aim of this study was to find the fluid solution with minimal negative effect on whole blood coagulation assessed by ROTEM.
Methods
The project was approved by the Ethics Committee for MultiCentric Clinical Trials of the University Hospital Motol and informed consent was obtained from all participants. As in human studies it is very challenging to investigate large number of patients we decided to enrol to study and obtain blood samples from 30 healthy patients who were undergoing knee arthroscopy (aged 44 ± 7 years; body mass index 25 ± 2.5; 15 males, 15 females; no comorbidities; ASA 1 ---according to classification of American Society of Anaesthesiologists).
All patients were non-smokers, not taking any drugs influencing coagulation (contraceptive, anticoagulant or antiplatelet therapy) and without history of any coagulopathy disorder. Before the induction of general anaesthesia, 2 mL of venous blood were obtained from patients into 2 mL tube containing 0.105 M of sodium citrate with citrate concentration of 3.2%. This sample was used as a control and following thromboelastometry tests were performed: EXTEM for analysing extrinsic pathway of coagulation (contains activator of extrinsic pathway of coagulation), INTEM for analysing intrinsic pathway of coagulation (contains activator of intrinsic pathway of coagulation), FIBTEM for assessment of functional fibrinogen level (contains antiplatelet substance). The following ROTEM parameters were evaluated: CT ---clotting time, representing initiation phase of coagulation (time to first detectable fibrin formation), angle and CFT ---clot formation time, both representing propagation phase of coagulation, MCF ---maximum clot firmness. To evaluate platelet function, according to the authors Solomon et al., the difference between values of EXTEM MCF (depends on level of fibrinogen and platelet function) and FIBTEM MCF (depends on fibrinogen level) was calculated and derived as parameter MCE (maximum clot elasticity attributable to platelets, parameter representing platelets function and their component in EXTEM MCF). 13 In clinical practice the drop of blood pressure after induction of general anaesthesia is usually treated by administering some fluid solution depending on preferences of the anaesthetist. In our study the type of fluid was chosen according to randomization of patients into three equal groups using generator of random numbers in spread sheet. The first group of patients was infused 500 mL of balanced crystalloid Plasma-Lyte (isotonic, BAXTER, USA). The second group was infused 500 mL of balanced colloid Volulyte 6% representing hydroxyethyl starch (130/0.4, isotonic, FRE-SENIUS KABI, Germany) and the third group was infused 500 mL of balanced colloid Gelaspan 4% representing gelatin solution (isotonic, B BRAUN, Germany). Described volume of 500 mL was chosen as it is routinely used in daily practice to treat arterial hypotension induced by anaesthetic drugs. Fifteen minutes after the solution was completely infused into the patient another blood sample was obtained and thromboelastometry basic tests EXTEM, INTEM and FIBTEM were performed again to identify presence of any coagulation changes as compared to the control samples.
To rule out potential bias caused by different dilution effect of different types of solution on coagulation (as it is generally believed that colloids stay longer in blood vessels comparing to crystalloids), haemoglobin level was measured before and after infusion simultaneously with blood sampling for ROTEM.
Statistical analysis
For data analysis the GraphPad Prism 6.0 statistics program was used. Nonparametric Wilcoxon matched-pairs signet rank test was used for analyses of ROTEM parameters. For haemoglobin measurement comparing decrease in haemoglobin in percentage after fluid administration among all three types of fluid solution nonparametric Kruskal---Wallis test of one-way ANOVA was used. Statistical significance was described as two-tailed p-value <0.05.
Results
When investigating extrinsic pathway of coagulation using EXTEM test, no statistically significant adverse effect of crystalloids or HES/gelatin on initiation phase of fibrin clot formation represented by CT parameter was observed (p > 0.05) (Fig. 1A---C) . However, kinetics represented by CFT and ˛ angle was negatively influenced by HES and gelatin (p < 0.05) but not by crystalloids (Fig. 1D---I) . Strength of formatted coagulum represented by MCF parameter was significantly influenced only by HES (p > 0.05) ( Fig. 2A---C) .
Functional fibrinogen level represented by MCF FIBTEM was significantly decreased by crystalloids and HES (p < 0.05) but not by gelatin (Fig. 2D---F) . Parameter MCE representing platelet function was not significantly influenced by any fluid solution (Fig. 2G---I) .
Intrinsic pathway of coagulation assessed by INTEM was not negatively influenced either by crystalloids or HES/Gelatin in any parameter (p > 0.05) ( Table 1) .
There was no statistically significant difference in decrease of haemoglobin level after infusion of all types of fluids (p < 0.05) (Fig. 3) .
Discussion
The type of fluid solution used during perioperative period is still widely discussed, especially its potential coagulopathy effect. In our study we investigated effect of modern balanced fluids on whole blood coagulation assessed by ROTEM, as they are more frequently used in clinical practice nowadays and there are missing data about their effect on coagulation. According to our results, initiation phase of clot formation in extrinsic and intrinsic pathway is not influenced by any type of administered fluid. However, propagation phase was negatively influenced by both HES and gelatin, while strength of coagulum was impaired only by HES. Authors Rasmussen et al. in their extensive meta-analysis of perioperative fluid therapy concerning coagulopathy similarly describe that administration of HES is followed by weakening of coagulum indicated by decreasing parameter of Maximal Amplitude (MA) measured by thrombelastography.
14 Our findings also partially correspond with study of Sawhney et al. who described that infusion of 1 L of HES to traumatic patients impairs coagulation more than gelatine. 15 Schlimp with Cadamuro describe that HES as well as gelatin decreased maximum clot firmness of both EXTEM and FIBTEM. 7 However, we did not see a similar coagulopathy effect of gelatin when using only 500 mL volume ---this volume did probably not produce dilutional effect on coagulation. The phenomenon can be explained by using modern balanced solution of gelatin (more physiologic) in our study, using smaller volume and by performing this study in vivo, not in vitro as the other authors did. Again, authors Mauch and Madjdpour et al. described that HES and gelatin impair blood coagulation although they did not notice significant difference between HES and gelatin, but again they used unbalanced fluids and the study was performed on piglets. 16 On the other hand, we have recently published an in vitro study where the negative effect of HES and gelatin on coagulation was also found, but dilution of blood sample was higher of about 20%. 17 We may assume that when the higher fluid volume is used, the higher disturbance of coagulation may be present.
The crystalloid solution did not cause hypocoagulation in any of EXTEM and INTEM parameters despite decrease of FIBTEM MCF parameter. Neither authors Schlimp and Cadamuro found hypocoagulation effect of crystalloids, moreover they described reduced clotting time. 7 Similarly, Sawhney et al. describe hypercoagulation effect of crystalloid after infusion of 1 L in trauma patients. 15 Ponschab et al. describe impaired blood coagulation measured by ROTEM in pigs, represented by worsened propagation phase of fibrin formation and strength of coagulum, when high volume of either 1 L or 3 L was infused. 18 Therefore, it seems that the crystalloid effect on coagulation depends on infusion volume and type of solutions.
It would be ideal to use power analysis for calculation of appropriate number of investigations needed to predict significant differences in results; however, it was not possible to do it for our study because similar studies are missing. Moreover, in human studies it is very challenging to investigate large numbers of patients. We decided to include 30 patients (10 in each group) and use nonparametric Wilcoxon matched-pairs signet rank test for analyses of ROTEM parameters. Statistically significant results were found in results described by two-tailed p-value <0.05. After finding significant differences in our study using the described method and p-value, the results can be assessed as reliable despite relatively low number of samples investigated. Therefore, power analysis is not needed anymore.
The last but not the least thing that has to be discussed, is the question whether coagulopathy effect of fluids observed in our study was not caused by a simple dilutional effect of volume infused to the patient. Therefore, haemoglobin level was measured before and again after infusion. Interestingly, all types of fluid solutions decreased haemoglobin level in similar way and there was no statistically significant difference among percentage decrease in its level among all three groups. This means that all three types of fluid solution have produced dilution of similar degree and thus, similar degree of dilutional coagulopathy would be expected in all investigated groups. As our results do not seem to show that, we can consider findings of our study reliable.
The limitation of this study may seem to be the fact that we evaluated blood coagulation in patients undergoing relatively small surgical procedure which is not usually accompanied with great blood loss. However, we believe that in low risk bleeding procedures of this type we can assess the direct coagulopathy effect of crystalloids and colloids more reliably comparing to high risk bleeding procedures. On the other hand, in a situation of huge blood loss, it can be expected that simple volume replacement would cause dilution of coagulation factors leading to coagulopathy, regardless of the type of administered solution. In addition, different types of fluid solutions might aggravate already induced coagulopathy.
Conclusion
EXTEM test representing the extrinsic pathway of coagulation seems to be more sensitive to coagulopathy effect of modern balanced colloids and crystalloids. In our study hydroxyethyl starch had the most obvious negative effect on clot formation followed by gelatin and finally by crystalloids. INTEM test representing the intrinsic pathway of coagulation was not negatively influenced by any colloid or crystalloid solution.
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